Introduction
Following the contentious presidential elections held in Kenya on 27 December 2007, violence and civil unrest erupted throughout the country and lasted for several months. During that time, over 1000 people were killed and 350 000 were displaced from their homes. 1, 2 The election pried open long-standing tribal divisions that forced people of certain ethnic groups living in areas dominated by rival ethnic groups to flee. Many of these internally displaced persons (IDPs) went into IDP camps, but even more of them returned to their "ancestral homelands", where their ethnic group constituted the majority. The Luos were one of the ethnic groups most affected by the post-election violence. Many Luos fled from areas in Nairobi, the Rift Valley, and central Kenya, where they lived and worked, to their ancestral homeland in western Kenya along Lake Victoria. There, many relocated in an area with a large, ongoing demographic surveillance system (DSS) that the Kenya Medical Research Institute (KEMRI) and the Centers for Disease Control and Prevention (CDC) have maintained since 2001. The KEMRI/CDC DSS provided a unique platform for measuring the health and demographic consequences of the Kenyan post-election violence on the IDPs resettling outside IDP camps.
Methods
The KEMRI/CDC DSS includes three areas in Nyanza province, in rural western Kenya -Asembo, Gem and Karemo. In 2007, the DSS population included 204 000 people who lived in 384 villages, and 15% of them were < 5 years old. Over 95% of the population is of Luo ethnicity and depends on subsistence farming. The area is very poor; two-thirds of the people live below the poverty line. 3 Malaria transmission is high and perennial, although the area has had high coverage with insecticidetreated bednets since the late 1990s, when a study with bednets was conducted there. 4 In 2007, the area had infant and under-5 mortality rates of 74 and 137 per 1000 live births, respectively. The prevalence of HIV infection in Nyanza province is the highest in Kenya. 5, 6 According to a cross-sectional survey in Asembo, in 2003-2004 the prevalence of HIV infection in the DSS was 15.4% among people aged 13 to 34 years. 7 The surveillance methods employed in the DSS area have been described in detail elsewhere. 8 In brief, trained field workers census all households 3 times per year and record all in-migrations, out-migrations, pregnancies, births and deaths. To be defined as a DSS resident, a person must have resided in the DSS area for at least 4 continuous months or been born to a DSS resident mother. For every death reported, a separate team attempts to conduct a verbal autopsy using a structured questionnaire based on a standardized version suggested for DSS sites around the world. [9] [10] [11] [12] Single causes of death are assigned by clinical officers (2 years of medical education after secondary school) who independently evaluate verbal autopsy questionnaires and apply the coding system of the International classification of diseases, 10th revision in a standardized way. 13 As part of the DSS, surveillance for paediatric admissions is undertaken at Siaya District Hospital, located within the DSS. Trained DSS surveillance staff interview caretakers and a clinical officer conducts a standardized physical examination. Trained KEMRI/CDC microscopists perform Giemsa-stained malaria blood smears on all children admitted to hospital.
Une traduction en français de ce résumé figure à la fin de l'article. Al final del artículo se facilita una traducción al español.
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Objective To evaluate mortality and morbidity among internally displaced persons (IDPs) who relocated in a demographic surveillance system (DSS) area in western Kenya following post-election violence. Methods In 2007, 204 000 individuals lived in the DSS area, where field workers visit households every 4 months to record migrations, births and deaths. We collected data on admissions among children < 5 years of age in the district hospital and developed special questionnaires to record information on IDPs. Mortality, migration and hospitalization rates among IDPs and regular DSS residents were compared, and verbal autopsies were performed for deaths. 
Research
In this study, IDPs were defined as persons who were forced or obliged to flee or to leave their home or places of habitual residence due to the post-election violence in Kenya, since the elections of 27 December 2007. Because newlyarrived IDPs do not meet DSS residency criteria, we developed new data collection tools for IDPs to be employed during the regular DSS census rounds that are conducted three times a year. In each DSS compound, field workers asked the DSS resident responding for the compound if any IDPs lived there using a DhoLuo translation of the definition given above. IDPs were registered during the first two DSS rounds of 2008 (which comprised the periods from January to April and from May to August). In the second and third DSS rounds of 2008, the vital status and whereabouts of the IDPs previously registered were updated and the dates of out-migration and death were recorded. All reported IDP deaths were further investigated by field workers for verification. By the third round, updated status was available on 93% of the IDPs identified in the first two rounds; the remaining 7% of the IDPs had registration data containing random errors that resulted in their names not appearing in the personal digital assistant used for updating in the third round. For all children admitted to Siaya District Hospital, the interviewer asked the caretaker if the child was an IDP.
All data obtained in the first DSS round of 2008 and in the hospital were entered into scannable forms (Cardiff Teleforms, Vista, United States of America). Multiple data quality checks were performed. 8 Beginning in the second round of 2008, all data collection, including for all IDPs, was transitioned to personal digital assistants.
Deaths reported among IDPs were excluded from mortality rate calculations if on further inspection the individual had died before arriving at or after leaving the DSS, or if the death could not be verified by someone in the compound. Because we wanted to assess mortality during the period of greatest IDP resettlement, we limited mortality rate calculations to the 6 months following the median date of IDP arrival, which was 23 January 2008. As such, all deaths that occurred after 23 July 2008 were excluded. The person-time contribution of each IDP began on the date of arrival in the DSS or on 27 December 2007, the date of the election, for those who had already arrived and could not return home due to the violence (n = 211). Person-time contribution ended with date of death or out-migration, the date of the second round update if the third round update was missing (n = 50), or 23 July 2008. IDPs without an updated status in either the second or third round were excluded from the calculation of mortality rates. Mortality rates among DSS residents were calculated during a similar period, 1 January to 23 July 2008. Because mortality among DSS residents might also have been affected by post-election violence, DSS mortality rates from 1 January to 23 July 2007 were also used for comparison. Mortality rate ratios with 95% Wald confidence intervals (CIs) between IDPs and DSS residents were calculated using Poisson regression in SAS software, version 9.1 (SAS Institute Inc., Cary, USA).
Because of differences in the age distribution of IDPs and DSS residents, a standardized mortality ratio (SMR) was calculated for overall mortality using the indirect method, with the DSS population used as the standard population. 14 We excluded neonates (≤ 28 days) from the under-5 mortality rate calculations because IDP neonates (n = 6) were only registered on arrival to the DSS; new births to IDP mothers were not identified after arrival. Therefore, neonatal deaths would have contributed to mortality rates for DSS residents but not for IDPs. To explore whether the increases in mortality among adult IDPs could be related to their in-migrant status we compared the overall mortality rate among IDPs ≥ 15 years of age with the rate among recent in-migrants who became DSS residents during the same period in 2007. However, in 2007 mortality data was available only for in-migrants who became DSS residents (i.e. who had lived in the area for 4 months); thus, person-time contribution and deaths before the age of 4 months would not have been included.
For analysis of hospitalizations, we included children < 5 years of age from the two DSS divisions, Gem and Karemo, served by Siaya District Hospital. The period of inclusion was from 7 March, when IDP identification in hospital was implemented, to 23 July 2008. The denominator for IDP hospitalization rates was calculated as described above for mortality rates and was limited to internally displaced children < 5 years of age registered in Gem and Karemo. For comparison, hospitalization rates for resident children from Gem and Karemo were used. We stratified comparisons of proportions by age using the Cochran-Mantel-Haenzel test, and we compared medians using the Wilcoxon rank-sum test.
The KEMRI/CDC DSS was approved by the ethical review boards of KEMRI (SSC #647) and CDC (IRB# 3308). All heads of participating compounds gave written informed consent. Data collection on IDPs was approved as an amendment to the protocol.
Results
In the DSS area, 16 428 IDPs were registered. Of 36 518 compounds, 5135 (14%) reported the presence of an IDP, and the median number of IDPs per compound was 5 (interquartile range, IQR: 2-6). By the third DSS round of 2008, completed from September to December, 15 253 (93%) IDPs had their status updated. Of these, 120 (0.79%) had died, 7143 (46.8%) had left the DSS, 7072 (46.4%) still stayed in the compound where they were registered, and 918 (6.0%) had moved into another compound in the DSS. The median time spent in the DSS by those who left was 111 days (IQR: 85-133).
Of the 120 deaths, 96 occurred on or before 23 July 2008. The overall mortality rate among IDPs was 16.4 per 1000 person-years (Table 1) . Overall, 0.45 IDP deaths occurred per 10 000 persons per day. As shown in Fig. 2 , the median number of days from arrival until death was 96 for internally displaced children < 5 years of age (n = 37) compared with 68 for IDPs aged ≥ 5 years (n = 59) (P = 0.011). The mortality rate was significantly higher among IDPs aged 15-49 years than among 2008 DSS residents of the same age (RR: 1.34; 95% According to the results of verbal autopsies, the leading causes of death among internally displaced children < 5 years of age, excluding neonates, were malaria (31%), HIV infection (20%), tuberculosis (20%) and malnutrition (17%), as shown in Table 2 . The causes of death were similar among DSS children, except that tuberculosis was more frequent among IDPs (P < 0.05). The leading causes of death among IDPs aged ≥ 5 years were HIV infection (53%), malaria (15%) and tuberculosis (15%). The percentage of deaths due to HIV infection was higher among IDPs than among DSS residents in both 2007 (29%) and 2008 (25%) (P < 0.001). The percentage of HIVrelated deaths was higher among IDPs in every adult age group, excluding that of 5-14 year olds. Malaria was a more frequent cause of death among IDPs than among DSS residents ≥ 5 years of age in 2008 (P = 0.041).
As shown in Table 3 , the rate of hospitalization among internally displaced children was almost three times higher than among non-displaced children (RR: 2.95; 95% CI: 2.44-3.58). Danger signs on admission were present in 68% of internally displaced children versus 59% of resident children (P = 0.04). There were no significant differences between them in terms of diagnoses, malaria parasitemia or parasite density. The proportion of children who died among those admitted to hospital for any cause was similar for internally displaced and for resident children upon stratifying by age (P = 0.24).
Discussion
The KEMRI/CDC DSS provided a unique platform for evaluating longterm IDP status outside camps because IDPs could be registered and followed and compared with a contemporaneous population in the same geographical area in terms of prospective population-based mortality and morbidity rates. The influx of IDPs after the Kenyan post-election violence created a sudden population swell in an impoverished area with substantial ongoing health problems. 5, 8 While IDP camps, located primarily in the Rift Valley province, received external resources to accommodate the influx of IDPs, fewer resources were available to communities where IDPs were resettling, such as those in western Kenya. 1 Emergency situations where the majority of IDPs do not go to IDP camps are becoming more common in Africa. 15 The overall mortality rate among IDPs did not reach the 1.0 death per 10 000 persons per day threshold defined for complex emergency situations. It did not represent a doubling of the baseline mortality rate either, although we excluded IDP deaths before arrival in the DSS. [15] [16] [17] Luos were targeted in other parts of the country, where atrocities such as mob lynching and burning of safe havens were perpetrated. 1, 2, 18 Once they reached Nyanza province, where they are in the majority, the risk of direct violence ceased. In Rwanda and Darfur, IDPs had to walk for weeks to IDP camps; however, in post-election Kenya IDPs were transported to their destinations in buses and other vehicles. 15, 17, 19 After brief stays in transit centres, many IDPs went directly to stay with family and friends. Their rapid transit to a more stable home environment probably led to their enjoying better conditions upon arrival than other IDPs in Africa. 15, 17, [19] [20] [21] [22] [23] Mortality among adult IDPs was elevated compared with that of resident adults in 2008. While children are usually the most vulnerable group in complex emergencies in Africa, increased non-violence-related mortality among adults has been observed before during crises in more developed countries, such as Kosovo, where people with chronic diseases often go untreated due to lack of access to care. 15, 17, 19 To our knowledge, there has been no such finding in conflict situations in Africa, where most excess adult mortality is related to violence or acute infections rather than to chronic illnesses. 15, [19] [20] [21] [22] Rates of HIV infection among IDPs and refugees in Africa can be high, although not necessarily higher than in the communities of origin [24] [25] [26] [27] [28] . In our analysis, the majority of adult IDP deaths were ascribed to HIV infection, which accounted for a larger proportion of deaths among IDPs than among DSS residents. However, the high prevalence of HIV infection among IDPs who arrived in the DSS was a pre-existing condition unre- Research lated to their IDP status and was probably more closely tied to sociocultural factors. The Luos, who do not traditionally practice male circumcision, have the highest prevalence of HIV infection of all ethnic groups in Kenya. 5, 6, 29 It is unlikely that IDPs who settled in the DSS area had a higher prevalence of HIV infection than the DSS resident population. From the 2007 Kenya AIDS Indicator Survey, the prevalence of HIV infection among Luo adults aged 15-64 years living inside and outside Nyanza province was similar (20.8% versus 19.2%, respectively). Such prevalence was over threefold higher than among non-Luos living in provinces other than Nyanza. 6 As virtually all Luos were forced to flee from certain areas of the country due to the threat on their lives during post-election violence, there is no reason for thinking that HIV+ IDPs preferentially returned to western Kenya. Such IDPs may have experienced interruptions in their drug supply, however, as occurred in other parts of Kenya during this crisis. 30, 31 HIV+ IDPs might have found it more difficult to adhere to medications than DSS residents because they may have left them behind in their rapid exodus and been unable to access HIV-related care in the areas where they settled. Moreover, most health facilities in Nyanza province reported staff and supply shortages during the post-election violence. 30 For HIV+ IDPs already on long-term antiretroviral therapy, the temporary disruption of medications is not likely to have caused a clinically significant decline in the CD4+ lymphocyte count over the ensuing 6-month period. However, HIV+ IDPs who were not on antiretroviral therapy or who had started it recently could have been put at risk of fatal opportunistic infections, such as Pneumocystis jirovecii pneumonia, by a disruption in daily cotrimoxazole prophylaxis in particular. 32 We cannot definitely determine the cause of increased mortality among HIV+ IDPs since one limitation of the study was that we did not collect data on whether HIV+ IDPs were on medications or had their supply of medications disrupted. Nonetheless, other studies have shown that HIV+ persons can be treated successfully in conflict settings, although the challenges of maintaining and initiating HIV care in rural, non-camp settings like western Kenya are greater than in urban settings or IDP camps where the population is more confined and accessible. 24, 25, 27, 30, 31 
Research
We did not observe elevated mortality among internally displaced children. In fact, in 2008 mortality rates were slightly lower among these children than among resident children. Overall child mortality in the DSS increased from 2007 to 2008, perhaps because children were more vulnerable to disruptions in drug supply and in access to health care and to a worsening of economic conditions owing to the post-election violence. The most likely explanation, however, is that an increase in malaria in 2008 affected children more than adults (KEMRI/ CDC unpublished data). Because of concern over immunologic vulnerability to malaria among IDPs coming from non-malarious areas, KEMRI/ CDC distributed insecticide-treated bednets to all IDPs in the DSS starting on 15 April 2008. This increased risk of severe malaria was suggested, to a certain degree, by the verbal autopsies in adults, which showed that more malaria deaths occurred among IDP adults than among DSS adults in 2008. Widespread coverage with insecticide-treated bednets may have prevented further excess malaria deaths among IDP adults. Almost all internally displaced children are likely to have slept under ITNs due to distribution by the KEMRI/CDC, whereas this was not the case for DSS resident children. Another possibility is that internally displaced children had better baseline nutritional and health status than resident children because they came from families with more stable employment and better socioeconomic status, as has been noted among migrants from urban to rural areas in other parts of Africa. 33 Internally displaced children were hospitalized at a higher rate than resident Research children. While they did not die at higher rates after admission, they were admitted with more Integrated Management of Childhood Illness danger signs, which suggests that they presented to hospital later in the course of illness. IDP parents may have been less likely to take their sick children to outpatient clinics because of lack of familiarity with the area and may have waited to take them to hospital when they were sicker and required admission. We did find a significantly lower rate of outpatient visits among internally displaced children than among resident children < 5 years of age (data not shown.) The increase in IDP paediatric admissions could have imposed an excess burden on public hospitals, which are chronically underfunded in rural Kenya.
Our work had limitations. First, IDPs may have been misclassified, since IDP status is usually much more difficult to ascertain outside camps than within camps. We could not verify whether those who claimed to be IDPs were actually IDPs. The expectation of receiving certain benefits may have provided an incentive to report IDP status. Although the definition of an IDP read to each compound clearly stated that an IDP was someone displaced as a result of the post-election violence, it is possible that non-IDP inmigrants, such as people who migrated primarily for economic or social reasons, were reported as IDPs. Over-counting of IDPs could have led to inaccuracies in our overall morbidity and mortality estimates. Second, verbal autopsies may have limited specificity for assigning the cause of death, particularly in places where few people visit health facilities before dying, such as in rural Africa. 10, 11 However, the diagnosis of HIV infection or AIDS by verbal autopsy has been found to be relatively accurate. 11, 12, 34 Moreover, no observer bias in the classification of deaths should have occurred because the clinical officers coding verbal autopsy questionnaires were unaware of a deceased person's IDP status.
Our study provides evidence that IDPs in Africa who live outside IDP camps also need relief services. IDPs can continue to suffer adverse consequences, including increased mortality from HIV infection and other chronic conditions, even after the immediate risk of violence subsides. Unfortunately, this situation still prevails in many regions of Africa where the HIV/AIDS epidemic and the potential for civil strife and conflict threaten one and the same population. 28 ■ Vincent Orimba of the DSS made special contributions to this analysis. We thank Oliver Morgan and Frank Odhiambo for their suggestions on improving the analysis and Simon Kariuki for overseeing malaria microscopy. We also thank Sufia Dadabhai and Reinhard Kaiser for their assistance with 2007 Kenya AIDS Indicator Survey data. The KEMRI/CDC DSS is a member of the INDEPTH network of DSS sites.
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Resumen
Ampliación de un programa descentralizado de tratamiento del VIH en zones rurales de KwaZulu-Natal, Sudáfrica: ¿afecta su rápida expansión a los resultados de pacientes?
Objetivos Describir la ampliación de un programa descentralizado de tratamiento del VIH a través del sistema sanitario de atención primaria en zonas rurales de KwaZulu-Natal, Sudáfrica, y evaluar las tendencias de las características iniciales y los resultados de la población en estudio. Métodos El programa comenzó con la administración de un tratamiento antirretroviral (ARV) en octubre de 2004. La información de todos los pacientes que comenzaron el tratamiento ARV se recopiló en la base de datos del programa y el seguimiento se actualizó mensualmente. Todos los pacientes adultos (≥ 16 años) que iniciaron el tratamiento ARV entre octubre de 2004 y septiembre de 2008 se incluyeron y estratificaron en grupos de seis meses. Se compararon las características clínicas y sociodemográficas intergrupales. A los 12 meses del inicio del tratamiento ARV se evaluó la continuidad asistencial, la pérdida para el seguimiento y los resultados virológicos.
Resultados Se incluyó a un total de 5719 adultos que habían iniciado el tratamiento ARV, de los que el 67,9% eran mujeres. El recuento medio inicial de linfocitos CD4 fue de 116 células/µl (amplitud intercuartil, AIC: 53 -173). El porcentaje de mujeres que iniciaron el tratamiento ARV durante el embarazo aumentó, si bien no se produjo ningún cambio en otras características iniciales a lo largo del tiempo. La continuidad asistencial general a los 12 meses fue del 84,0% (intervalo de confianza del 95%, CI: 82; 6 -85,3); el 10,9% falleció (CI del 95%: 9; 8 -12,0); el Daniel R Feikin et al. Morbidity and mortality in internally displaced persons in Kenya Research 3,7% se perdió para el seguimiento (CI del 95%: 3,0 -4,4). La mortalidad fue más elevada en los primeros tres meses posteriores al inicio del tratamiento ARV: 30,1 fallecimientos por cada 100 años-personas (CI del 95%: 26,3 -34,5). El 23,0% tenía una carga viral detectable a los 12 meses (> 25 réplicas/ml) (CI del 95%: 19,5 -25,5) .
Conclusión Los resultados no se vieron afectados por la rápida expansión de este programa descentralizado de tratamiento del VIH. Los índices relativamente altos de la carga vírica detectable ponen en evidencia la necesidad de dedicar un mayor esfuerzo en la mejora de la calidad de los servicios.
